Our aim was to examine the seasonal variations in home blood pressure measurements and the relationship of ambient temperature or room temperature with the seasonal variations in home blood pressure measurements using a home blood pressure telemonitoring system in patients with type 2 diabetes. The home blood pressure measurements of 41 patients with type 2 diabetes were self-measured. Patients performed triplicate morning and evening blood pressure measurements at least 5 days per month for 12 consecutive months. The lowest values of both systolic blood pressure and diastolic blood pressure were observed in August (126.3 and 70.4 mmHg, respectively), and the highest systolic and diastolic blood pressure values were observed in January (140.3 and 76.9 mmHg, respectively). The root mean squared error between the mean systolic blood pressure and room temperature was 6.50 mmHg and between mean systolic blood pressure and ambient temperature was 6.55 mmHg. Using a home blood pressure telemonitoring system, this study revealed for the first time that home blood pressure varied seasonally, with the highest values observed in January and the lowest values observed in August, and that the seasonal variations in home blood pressure were related to room temperature as well as ambient temperature.
Introduction
In epidemiological studies, a high prevalence of concomitant diabetes and hypertension, which have insulin resistance as a common factor, 1 has been observed. Thus, it is important to control blood pressure (BP) as well as blood glucose for the prevention of target organ damage in patients with diabetes. 2 With respect to BP control, the selfmeasurement of BP at home (HBP) has been shown to have better prognostic value for predicting mortality and cardiovascular events than BP measured in the clinic. [3] [4] [5] Moreover, several studies have reported that BP measured in the morning provided more prognostic power than that measured in the evening. 6 Previous studies of the relationship between seasonality and HBP have shown winter peaks and summer nadirs in HBP. This phenomenon is largely attributable to the change in ambient temperature. [7] [8] [9] On the other hand, room temperature also affects seasonal variations in HBP, although it has less seasonal change than the ambient temperature. 10 However, no study has investigated whether ambient temperature or room temperature is more related to seasonal variations in HBP in patients with diabetes.
Thus, we aimed to examine the seasonal variations in morning HBP and the relationship of ambient temperature or room temperature with seasonal variations in morning HBP in patients with type 2 diabetes.
Methods

Study patients
We sequentially recruited 132 patients with type 2 diabetes who regularly attended the diabetes outpatient clinic at the Hospital of the Kyoto Prefectural University of Medicine from 2013 to 2015. The inclusion criteria were as follows: 40-80 years of age and type 2 diabetes. No BP-level criterion was used for study inclusion. The exclusion criteria were as follows: secondary hypertension or malignant hypertension, history of myocardial infarction, cerebrovascular disease or hospitalization for angina pectoris within 6 months prior to inclusion, changes in antihypertensive medication and/or antidiabetic medication within 1 month prior to inclusion, advanced renal dysfunction (serum creatinine equal to or more than 2.0 mg/dL or current treatment by dialysis), atrial fibrillation or severe arrhythmia, life-threatening conditions such as malignant tumours or judgement from a supervising physician to be an unsuitable study patient. We could not determine the sample size before the study because previous reports were not available regarding the relationship between room temperature and seasonal variation in HBP in patients with type 2 diabetes. The diagnosis of type 2 diabetes was based on the American Diabetes Association criteria. 11 All procedures were approved by the local research ethics committee and were conducted in accordance with the Declaration of Helsinki, and written informed consent was obtained from all patients (RBMR-E-349-4).
HBP monitoring
HBP was self-measured using an HEM-7251G automated BP monitor (Omron Healthcare Co., Ltd, Kyoto, Japan), which uses the cuff-oscillometric method to measure systolic BP (SBP) or diastolic BP (DBP). The HEM-7251G was previously validated and satisfied the criteria of the European Society of Hypertension protocol. 12 The device is capable of automatically transmitting measurement results, including room temperature at the time of measurement, immediately after each measurement via a mobile phone line to the server of the Medical LINK ® (Omron Healthcare) BP management system, saving the patients the trouble of record-taking and automatically providing reliable data for physicians. The HBP readings were visible to the patients. The patients were instructed to perform triplicate morning BP measurements, with at least 1 min between recordings, at least 5 days per week during the study period. The patients were also instructed to perform the morning BP measurements within 1 h of waking up, before eating breakfast or taking any drugs, and after sitting and resting for at least 5 min. 13 The cuff was placed around the non-dominant arm, and the position of the cuff was maintained at the level of the heart. The patients used a proper cuff size based on their arm circumference. We calculated the means of the three morning BP measurements each day. The morning HBP values for a month were defined as the average of the morning HBP measurements taken on the 5 measurement days of the month.
Data collection
Blood samples were collected in the morning for biochemical measurements at the time of study entry. Haemoglobin A 1C , serum lipid profile (total cholesterol, low-density lipoprotein cholesterol, triglycerides and high-density lipoprotein cholesterol), and other biochemical data were determined using standard laboratory measurements. Urinary albumin excretion (UAE) was measured with an immunoturbidimetric assay. Haemoglobin A 1C was expressed as a National Glycohemoglobin Standardization Program unit. Each patient's data, including age, duration of diabetes, smoking and alcohol consumption status (assessed by an interview), and antihypertensive medication use were assessed concurrently with the HBP measurements. Retinopathy was assessed from chart reviews and was graded as follows: no diabetic retinopathy (NDR), simple diabetic retinopathy (SDR) and proliferative diabetic retinopathy (PDR). Nephropathy was graded into three stages depending on UAE as follows: normoalbuminuria, UAE less than 30 mg/g Cr; microalbuminuria, 30-300 mg/g Cr; or macroalbuminuria, greater than 300 mg/g Cr. Neuropathy was defined as the diagnostic criterion for diabetic neuropathy proposed by the Diagnostic Neuropathy Study Group. 14 Briefly, in the absence of peripheral neuropathies, other than diabetic neuropathy in patients with diabetes, diabetic neuropathy was diagnosed when there were two or more abnormalities in the following three neurological examinations: sensory symptoms, decreased or absent ankle reflex (bilateral) and decreased vibratory sensation on bilateral medial malleoli evaluated using a c128-Hz tuning fork. A macrovascular complication was defined as the presence of a previous cardiovascular disease, cerebrovascular disease or arteriosclerosis obliterans based on the clinical history of the patient or a physical examination. The mean monthly ambient temperature data were obtained from the Japan Meteorological Agency. 15 The mean room temperature was obtained from the server of the Medical LINK ® (Omron Healthcare) BP management system described above.
Statistical analysis
The baseline characteristics are summarized by median and interquartile ranges for continuous variables and as numbers for categorical variables. Pearson's correlation analysis was used to investigate the relationship between morning HBP and room temperature or ambient temperature. The prediction models were constructed by a generalized linear model of BP by either room temperature or ambient temperature. We built unadjusted and adjusted models that included haemoglobin A 1C , sex, age, body mass index, smoking status, drinking status and antihypertensive medication. Because the BP data were from the same patient, both models included the subject-specific factor as a fixed effect. To reveal the predictive ability, we calculated the root mean squared error (RMSE) in each model. The RMSE was defined as the square root of the mean squared difference between actual BP and predicted BP. A smaller RMSE indicates a better predictive ability. The SPSS statistical package, version 19.0J (SPSS, Inc., Chicago, IL, United States) and JMP software version 13.2.0 (SAS Institute Inc., Cary, NC, United States) were used for all statistical analyses. All tests were two-sided, and p values <0.05 were considered statistically significant.
Results
Of the 132 patients, 52 patients were excluded from the study primarily due to withdrawal of their consent for the following reasons: uncomfortable and/or troublesome feelings regarding transmitting their results automatically after each measurement to the server of the BP management system, changing antihypertensive medication, hospital transfer and cerebral infarction (Figure 1) . Consequently, 80 patients remained enrolled in the study. Among these 80 patients, 41 (25 male and 16 female) patients who performed triplicate morning HBP measurements at least 5 days per month for 12 consecutive months composed the study population.
The baseline characteristics at study entry are shown in Table 1 . The median (interquartile range) age and median haemoglobin A 1C were 73.0 years (67.5-76.0 years) and 6.8% (6.4%-7.4%), respectively.
The variations in morning HBP of all patients in this study are shown in Figure 2 according to the measurement month. Both SBP and DBP showed apparent seasonal variations. After March, morning HBP showed a noticeable decrease and reached its nadir in August; after August, morning HBP increased continuously and reached its peak in January. The lowest value of both SBP and DBP was observed in August (126.3 and 70.4 mmHg, respectively) and the highest values were observed in January (140.3 and 76.9 mmHg, respectively). The mean monthly ambient temperature in Japan was highest in August (28.4°C) and lowest in January In Pearson's correlation analysis, mean SBP was associated with room temperature (r = −0.335, p < 0.001) and ambient temperature (r = −0.344, p < 0.001) and mean DBP was associated with room temperature (r = −0.160, p < 0.001) and ambient temperature (r = −0.230, p < 0.001). The RMSE and mean difference (95% confidence interval) between mean SBP and room temperature were 6.24 mmHg and −0.813 (−0.917, −0.709), respectively, and between mean SBP and ambient temperature were 6.29 mmHg and −0.547 (−0.618, −0.475), respectively. In analyses adjusted for various potential confounders, including haemoglobin A 1C , sex, age, body mass index, smoking status, drinking status and antihypertensive medication, the RMSE and mean difference (95% confidence interval) between mean SBP and room temperature were 6.11 mmHg and −0.812 (−0.914, −0.710), respectively, and between mean SBP and ambient temperature were 6.14 mmHg and −0.547 (−0.617, −0.477), respectively.
Discussion
Using an HBP telemonitoring system for patients with type 2 diabetes, this study revealed that morning HBP varied seasonally, with the highest values in January and the lowest values in August. This study also revealed that the seasonal variation in morning HBP was related to room temperature as well as ambient temperature. To our knowledge, this study is the first to examine the relationship between seasonal changes in morning HBP and room temperature or ambient temperature in patients with type 2 diabetes. Few studies have shown seasonal variations in clinic-measured BP in patients with diabetes, observing higher values in the winter months and lower values in the summer months. 9, 16 These studies also demonstrated that both SBP and DBP were inversely correlated with the mean monthly ambient temperature, resulting in higher BP values in the winter. On the other hand, Hattori and Munakata 17 examined the seasonal changes in clinicmeasured BP in 104 untreated men at a standardized room temperature and suggested that typical seasonal BP changes could be masked in cases of mildly elevated BP measured at a standardized indoor temperature. Conversely, the availability of indoor temperature control at home or in the working place has been shown to significantly attenuate the increase in BP from summer to winter. 18 Regarding seasonal variations in HBP, Stergiou et al. investigated seasonal BP changes by assessing HBP measurements in patients with treated hypertension in relation to changes in several meteorological parameters and weather-induced discomfort. 19 They showed that HBP was lower in the summer than in the winter and that seasonal changes in temperature and meteorological parameters that reflected weather-induced patient discomfort were correlated with HBP changes.
Although seasonal BP variations have been described in previous studies, the mechanisms regarding the effects of meteorological parameters are not fully understood. The effect of ambient temperature on the sympathetic nervous system has been studied. 20 Sympathetic tone, which increases both heart rate and BP, increases in the cold. Several previous studies also demonstrated the simultaneous elevation of BP and plasma noradrenaline concentrations in response to exposure to cold. 21, 22 Increased seasonal BP variations are also attributed to impaired baroreflex control and enhanced vasoreactivity, which are associated with advanced age. 23 In the summer, the warm weather induces vasodilatation and decreases peripheral vascular resistance, thereby reducing BP. 24 Moreover, a previous study of 20 individuals with hypertension suggested that an increased sodium load in the kidneys, assessed by urinary sodium, may be a factor that contributes to the rise in BP in the winter in patients with essential hypertension. 25 In our study, the summer-winter difference in morning HBP was 14.0/6.5 mmHg. Hanazawa et al. 26 showed that small-to-moderate seasonal variations in HBP (0-9.1/0-4.5 mmHg) were associated with better cardiovascular outcomes and that earlier adjustments of antihypertensive medications according to the coming season reduced the summer-winter difference in HBP. Thus, the early adjustment of antihypertensive medication may also contribute to better outcomes in patients with type 2 diabetes.
We aimed to investigate whether ambient temperature or room temperature is more related to seasonal variations in HBP by constructing the prediction models. In adjusted models, the RMSE between mean SBP and room temperature was 6.11 mmHg and between mean SBP and ambient temperature was 6.14 mmHg. The difference of RMSE is only 0.03 mmHg. Thus, predictive ability would not differ between room temperature and ambient temperature in this study.
The strengths of the present study are as follows: the same patients were included in all seasonal assessments and our use of the HBP telemonitoring system, which transmitted measurement results including BP and room temperature automatically and immediately to the BP management system server, provided reliable aggregated data rather than trusting poorly recorded patient logbooks. 27 This study has several limitations. First, the small sample size limits the statistical power. However, we included the same patients in all seasonal assessments mentioned above and could detect a statistically significant relationship between seasonal changes in morning HBP and room temperature or ambient temperature. Second, a previous study showed that the magnitude of the seasonal BP increase from summer to winter may be affected by an increase in salt intake and a reduction in physical activity and vegetable intake. 28 However, we do not have data from the patients related to these factors. Third, the generalizability of our study results to other ethnic populations is uncertain. Fourth, the ambient temperature data reflected the mean monthly ambient temperature in the nearest area, which was obtained from the Japan Meteorological Agency. Thus, the ambient temperature data were not perfect measurements of the ambient temperature at the time of HBP measurements or of the temperature to which the individual had recently been exposed. Therefore, it is difficult to compare the relationship of the exact ambient temperature or room temperature with the seasonal variation in HBP. Finally, the devise used for the HBP measurements in this study was not validated in patients with diabetes. Hyperglycaemia is known to affect large arteries, changing the physical properties of the arterial wall, which may invalidate the results of the BP measurements, especially the oscillometric measurements. This possibility means that the devices used for BP measurement in patients with diabetes should be validated by studying patients with diabetes. However, the device was validated in patients with stage 3-5 chronic kidney disease, which is also known to affect macroangiopathy. 29 Thus, it is expected that the systematic error due to altered arterial wall properties was substantially small.
In conclusion, this study suggested that morning HBP varied seasonally in patients with type 2 diabetes. Morning HBP values were inversely correlated with room temperature and ambient temperature. The results might also help clinicians decide the therapeutic approach for patients with type 2 diabetes, taking seasonal HBP variation into account.
